Recognizing emotional expressions is central to understanding the feelings and intentions of other people. Little is known about how social anxiety affects the recognition of emotional expressions. Recent research finds a recognition advantage for happy expressions over negative expressions. In two experiments, social anxiety moderated the recognition advantage of happy faces. People low and high in social anxiety recognized sad faces (Experiment 1) and angry faces (Experiment 2) equally quickly, but people high in social anxiety took longer to recognize happy faces. Both groups showed a significant recognition advantage for happy faces, although the advantage was at least twice as large in the low social-anxiety group. The discussion focuses on mechanisms connecting social anxiety to face processing and on the role of expression recognition in other emotionalprocessing biases.
Many of social anxiety's cognitive biases involve processing emotional expressions. Facial expressions of emotion are powerful sources of social information (Darwin, 1872 (Darwin, /1998 Ekman, 1993; Izard, 1971 )-positive and negative emotional expressions quickly convey social messages (Keltner & Ekman, 2000) . During social interactions, people gain much of their information about the feelings and intentions of others through emotional expressions, such as the liking and approval expressed by happy faces, the hostility expressed by angry faces, and the rejection expressed by disgusted and contemptuous faces. In a recent review, Heinrichs and Hofmann (2001) noted a need for more research on how socially anxious people process faces, because positive and negative facial expressions are more ecologically valid signals than are more widely studied stimuli (e.g., positive and negative words).
To date, a small literature has investigated biased processing of facial expressions in social anxiety. Socially anxious people (1) direct their attention to angry, threatening faces instead of happy or neutral faces (Mogg & Bradley, 2002; Mogg, Philippot, & Bradley, 2004) ; (2) detect threatening faces faster than happy faces in visual search tasks (Gilboa-Schechtman, Foa, & Amir, 1999) ; (3) avoid looking at emotional faces when nonsocial stimuli can be viewed instead (Mansell, Clark, Ehlers, & Chen, 1999) ; (4) display biased memory for faces displaying angry and happy emotions (D'Argembeau, Van der Linden, Etienne, & Comblain, 2003; Lundh & Öst, 1996) ; (5) do not report increased social efficacy following a conversation with a partner displaying positive emotions (e.g., maintaining eye contact, nodding), instead seemingly discounting the interaction (Wallace & Alden, 1997) ; and (6) may show biased descriptions of the emotions presented on emotional faces (Merckelbach, van Hout, van den Hout, & Mersch, 1989; Philippot & Douilliez, 2005) .
What do these emotional-processing biases have in common? One cognitive process-the recognition of emotional expressions-is involved in each of these biases. For example, to direct attention to an angry instead of a neutral face, one must first recognize the emotion on each face. To show biased recall for faces showing certain emotions, one must have first recognized the emotion on the face to encode it with the face's identity. When attention is directed away from emotional faces, the emotional expression must first be decoded. Although the recognition of emotional expressions subserves several well-known biases in social anxiety, little is known about how socially anxious people recognize emotional expressions. Only a handful of experiments have explored whether social anxiety affects this fundamental aspect of emotional processing. One experiment found that children with clinical social phobia took longer to recognize all emotional faces (Melfsen & Florin, 2002) , relative to nonphobic children. It is unclear, however, whether this result reflected an across-the-board deficit in emotion recognition or simply a disruptive effect of anxiety on performance. Another experiment found that socially anxious adults had a negative response bias when classifying faces as neutral or negative (Winton, Clark, & Edelmann, 1995) . Response times were not recorded, however, thus leaving open the question of whether socially anxious people recognized some expressions faster than others.
These two experiments are important early steps, yet they have some limitations. First, in both experiments, the faces were presented for 60 ms and followed by a pattern mask. It takes up to 170 ms to form a detailed structural representation of a face (Adolphs, 2002) , so responses to brief-and-masked presentations will be overly influenced by response biases (such as the negative response bias found by Winton et al., 1995) . Second, neither experiment distinguished between types of negative expressions. Participants were asked to give the same response to different negative expressions (e.g., anger, fear, disgust, contempt, and sadness). Recent research, however, shows that people do not process all negative emotions alike; angry expressions are particularly central to face processing (Fox et al., 2000; Lundqvist, Esteves, & Ohman, 1999; Tipples, Atkinson, & Young, 2002) . Thus, these experiments do not assess potential differences between negative emotions.
RECOGNIZING EMOTIONAL EXPRESSIONS
People recognize emotional expressions automatically, meaning that they identify a face's emotional expression quickly, unintentionally, and effortlessly (Bruce & Young, 1986; Haxby, Hoffman, & Gobbini, 2000; Stenberg, Wiking, & Dahl, 1998) . Like many automatic processes, the process of recognizing an emotional expression is highly conceptual (see Adolphs, 2002) . Emotions cannot be recognized solely by perceiving visual features of the face. The retrieval and application of conceptual knowledge of emotions is necessary for understanding the face's emotional meaning and labeling the expression (Adolphs, 2002) . Upon forming a structural representation of a face (Bruce & Young, 1986) , people must retrieve higher-order conceptual information to label the perceptual representation as a "happy face," "angry face," or "sad face." Understanding the central role of conceptual knowledge in expression recognition is pivotal to appreciating how biases in expression recognition can emerge.
The present experiments take as their starting point recent research on the recognition of positive and negative facial expressions Leppänen, Tenhunen, & Hietanen, 2003) . Many experiments find a happy-face recognition advantage, in which people recognize happy faces faster than negative facial expressions (Feyereisen, Malet, & Martin, 1986; Kirita & Endo, 1995; . This effect is not due to simple differences in low-level face features; significant happy-face advantages appear for schematic faces that control for an expression's featural complexity (Kirita & Endo, 1995; Leppänen & Hietanen, 2004, Experiment 2) . Instead, it reflects differences in how quickly people can retrieve and apply conceptual knowledge to the perceptual representation of the face. For example, activating positive emotional information boosts the advantage for happy faces, whereas activating disgusting emotional information causes an advantage for disgusted faces (Leppänen & Hietanen, 2003, Experiment 2) .
Research on the happy-face recognition advantage suggests that social anxiety could impair the recognition of happy facial expressions. As noted earlier, recognizing facial expressions requires applying conceptual knowledge about others and emotions (Adolphs, 2002) . Based on their body of research, contended that the advantage for happy faces resulted from "a tendency to form positively biased hypotheses about reality and, especially, about other people" (pp. 27-28). If positive information about other people and their emotions is less chronically accessible or less easily retrieved, then it will take longer to apply emotional knowledge to the perceptual representation of the face. This will manifest in the speed of recognizing an emotion. People high in social anxiety view other people as critical and threatening (Rapee & Heimberg, 1997; Turk et al., 2001 ). This bias should slow down the recognition of positive facial expressions, given that signals of acceptance and reward are inconsistent with the expected emotions and intentions of others. Thus, the different socioemotional knowledge held by people high and low in social anxiety will translate into differences in the recognition of emotional expressions.
THE PRESENT EXPERIMENTS
The present experiments examined whether social anxiety biases the recognition of emotional expressions. In each experiment, people completed a two-choice recognition task in which they had to classify emotional expressions as quickly as possible. To maximize the ecological validity of the findings, we used images of real faces displaying prototypical facial expressions (Ekman & Friesen, 1976) instead of iconic or schematic emotional faces. The first experiment compared happy and sad faces; the second experiment compared happy and angry faces. In each experiment, we expected social anxiety to reduce the happy-face recognition advantage. It was unclear at the outset if this would manifest as a smaller advantage for happy faces, a lack of an advantage, or even an advantage for negative emotional expressions. EXPERIMENT 1 Experiment 1 compared the recognition of happy faces and sad faces. Past research with general-population samples has found a happy-face advantage relative to sad faces Leppanen, Milders, Bell, Terriere, & Hietanen, 2004) . Relative to angry faces, sad faces have not received as much attention in research on general anxiety and social anxiety. Recent research finds that sad faces have many of the same effects as angry faces (see Silvia & Warburton, 2006) . Sad faces are detected more efficiently in visual-search paradigms (Eastwood, Smilek, & Merikle, 2001 , 2003 , and they seem to influence the control of attention (Fenske & Eastwood, 2003) . Thus, it seems worthwhile to contrast the recognition of happy and sad faces.
METHOD

Participants and Design
A total of 30 undergraduate students (25 women and 5 men) enrolled in General Psychology at the University of North Carolina at Greensboro participated and received credit toward a research option. Women and men were evenly distributed in the low (12 women, 3 men) and high (13 women, 2 men) social-anxiety conditions. Procedure Assessment of Social Anxiety. Participants were selected from a larger sample based on their social anxiety scores on Mattick and Clarke's (1998) Social Interaction Anxiety Scale (SIAS) and Social Phobia Scale (SPS). Previous research has established that these scales have good reliability and validity in both clinical and subclinical samples (Heimberg, Mueller, Holt, Hope, & Liebowitz, 1992; Herbert, Rheingold, & Brandsma, 2001; Osman, Gutierrez, Barrios, Kopper, & Chiros, 1998) . Responses to the Social Interaction Anxiety Scale and the Social Phobia Scale were computed by averaging each scale's items, after reverse-scoring as required. Following past research (e.g., Kashdan, 2002; Kashdan & Roberts, 2004) , a single social anxiety score was then computed by standardizing each scale and averaging the values. A large sample (n = 145) completed these scales, which were completed on 7-point Likert scales. People scoring in the upper and lower thirds of the distribution were eligible for the experiment. People in the high social-anxiety condition had elevated scores on these scales (SIAS M = 3.96, SPS M = 3.69, on 7-point scales) relative to people in the low-social-anxiety condition (SIAS M = 1.55, SPS M = 1.67), but their scores were in the subclinical range.
Recognition Task. Participants were told that the experiment concerned how people perceive and process faces. They completed a computer-based recognition task that assessed the relative speed of recognizing happy and sad faces. Four happy expressions and four sad expressions were selected from the standard Ekman and Friesen (1976) set. The eight expressions consisted of one happy and one sad expression for two male and two female actors. Restricting the set of faces to four individuals reduces the variance due to idiosyncratic face features associated with processing the identity of a face (Bruce & Young, 1986 ).
The timing parameters of the emotion-recognition task were modeled after past research on the happy-face recognition advantage (see . Each trial began with a fixation cross followed by a face. The face appeared in the center of the screen for 200 ms, which is sufficient for a detailed structural representation of the face to be formed (Adolphs, 2002) . A blank screen appeared and remained until the participant gave a response. Thus, response latencies were measured starting from the offset of the face. After a brief practice period, participants completed 5 blocks of 16 trials, for a total of 80 trials (40 happy, 40 sad). The faces appeared in a different random order for each participant. Standard speed-accuracy instructions were given.
The presentation and timing were controlled by Superlab Pro (version 2.0.4). Participants responded with Cedrus RB-620 response pads, which measure key presses with a timing accuracy of 1 ms. Happy faces were mapped onto a green key, and sad faces were mapped onto a red key.
RESULTS
Data Treatment and Reduction
All incorrect responses in the expression-recognition task were deleted and scored as errors. Each participant's data were then screened for outliers, defined as values 3 standard deviations from each participant's mean value (Fox, Russo, Bowles, & Dutton, 2001; Ratcliff, 1993) . Effect sizes were computed with Minsize 2 (Morse, 1999) .
Recognizing Happy and Sad Faces
In the sample as a whole, people recognized happy faces (318 ms) faster than sad faces (348 ms), pairedsamples t(29) = 4.97, p < .001, d = .91. This replicates past research ) and provides a basis for examining whether social anxiety moderates the recognition advantage for happy faces. A mixed-model analysis of variance (ANOVA) estimated the effect of social anxiety (low, high) and face type (happy, sad) on response latencies. This analysis revealed a significant main effect of face type, reflecting the advantage for happy faces, F(1,28) = 27.5, p < .001, as well as a significant interaction, F(1,28) = 4.31, p < .047. There was no main effect of social anxiety, F < 1. The data are presented in Table 1 ; the pattern of means is shown in Figure 1 .
Further analyses found that both groups showed a significant happy-face advantage. People low in social anxiety recognized happy faces faster than sad faces, paired-samples t(14) = 4.77, p < .001, d = 1.23, with a difference of 42 ms. People high in social anxiety also recognized happy faces faster than sad faces, pairedsamples t(14) = 2.48, p < .027, d = .64; the difference between happy and sad faces was less than half as long (18 ms). The low social-anxiety group had a significantly larger happy-face advantage relative to the high social-anxiety group, t(28) = 2.08, p < .047, d = .76.
Analysis of Errors
A mixed-model ANOVA estimated the effect of social anxiety (low, high) and face type (happy, sad) on errors. This analysis revealed only a significant main effect of face type, F(1, 28) = 5.09, p < .032; there was no main effect of social anxiety or interaction, both Fs < 1. The data are presented in Table 1 . The main effect of face type reflected higher errors for happy faces than for sad faces, although the absolute number of errors was low for both face types. DISCUSSION Experiment 1 found that social anxiety moderated the recognition advantage for happy faces. People low in social anxiety showed an enhanced advantage for happy faces relative to sad faces. People high in social anxiety showed a significantly smaller happy-face advantage, although they nevertheless recognized happy faces faster than sad faces. They did not recognize happy and sad faces equally quickly, nor did they show an advantage for sad faces. The effect of social anxiety on the happy-face recognition advantage thus stemmed from slower happy-face recognition, not from faster sad-face recognition (see Figure 1) .
EXPERIMENT 2
The goal of Experiment 2 was to replicate and extend our examination of the effects of social anxiety on the recognition of happy faces. Experiment 2 replaced the set of sad faces with angry faces. Angry faces are powerful social signals because they communicate another person's hostile and threatening intentions (Darwin, 1872 (Darwin, /1998 . Research has found that angry faces have strong effects on the grabbing and holding of attention (Fox et al., 2000 (Fox et al., , 2001 Lundqvist et al., 1999; Tipples et al., 2002) . Moreover, social anxiety affects vigilance for angry faces (Mogg & Bradley, 2002; Mogg et al., 2004) . Angry faces are thus especially interesting to consider in relation to happy faces.
Participants completed a two-choice expression-recognition task, following the procedure of Experiment 1, in which they had to recognize happy faces and angry faces. As before, we expected that social anxiety would influence the recognition advantage for happy faces. People low in social anxiety should show a strong happyface advantage, and people high in social anxiety should show a smaller happy-face advantage.
METHOD
Participants and Design
A total of 27 undergraduate students (21 women and 6 men) enrolled in General Psychology at the University of North Carolina at Greensboro participated and received credit toward a research option. Women and men were evenly distributed in the low (11 women, 3 men) and high (10 women, 3 men) social-anxiety conditions. Procedure Participants were selected using the same procedure as Experiment 1. People in the high social-anxiety condition had elevated, but subclinical, scores on the SIAS and SPS (SIAS M = 4.42, SPS M = 3.80, on 7-point scales) relative to people in the low-social-anxiety condition (SIAS M = 1.77,SPS M = 1.52).
Recognizing Happy and Angry Faces
In the sample as a whole, people recognized happy faces (338 ms) faster than angry faces (370 ms), pairedsamples t(26) = 4.39, p < .001, d = .84. A mixed-model analysis of variance (ANOVA) estimated the effect of social anxiety (low, high) and face type (happy, angry) on response latencies. This analysis revealed a significant main effect of face type, reflecting the advantage for happy faces, F(1,25) = 21.7, p < .001, as well as a significant interaction, F(1,25) = 5.42, p < .028. There was no main effect of social anxiety, F < 1. The data are presented in Table 2 and Figure 2 .
Further analyses found that both groups showed a significant happy face advantage. People low in social anxiety recognized happy faces faster than angry faces, paired-samples t(13) = 4.57, p < .001, d = 1.22, with a difference of 47 ms. People high in social anxiety recognized happy faces marginally faster than angry faces, paired-samples t(12) = 1.84, p < .09, d = .51; the difference between happy and angry faces was only a third as large (16 ms). As expected, the low social-anxiety group had a significantly larger happy-face advantage relative to the high social-anxiety group, t(25) = 2.33, p < .028, d = .91. Analyses of responses to the perceptual-matching task found no differences between the high (518 ms) and low (522 ms) social anxiety groups, f(25) = .09, ns, d = .03. This finding indicates that social anxiety did not cause a general impairment of performance.
Analysis of Errors
A mixed-model ANOVA estimated the effect of social anxiety (low, high) and face type (happy, angry) on errors. This analysis revealed a marginal main effect of face type, F(1,25) = 3.87, p < .06, and a marginal interaction between social anxiety and face type, F(1,25) = 3.18, p < .087. There was no main effect of social anxiety, F < 1. The data are presented in Table 2 . As in Experiment 1, the absolute number of errors was low overall. DISCUSSION Experiment 2 replicated the findings of Experiment 1 and extended the findings to angry faces, which have been shown to be particularly salient in disordered cognitive processes (e.g., Mogg et al., 2004) . People low in social anxiety recognized happy faces significantly faster than angry faces; people high in social anxiety recognized happy faces marginally faster than angry faces. As before, the advantage for happy faces was significantly higher-and three times as long-in the low social anxiety condition. The pattern of findings was thus replicated. It is interesting that people high in social anxiety did not show a recognition advantage for angry faces over happy faces, even though socially anxious people are vigilant for angry faces (Mogg & Bradley, 2002) . As before, the smaller advantage for happy faces stemmed from a deficit in recognizing happy faces, not from an accelerated recognition of angry faces (see Figure 2) .
GENERAL DISCUSSION BIASED RECOGNITION OF HAPPY FACES
Although cognitive biases in social anxiety have been extensively researched (Amir & Foa, 2001; Heinrichs & Hoffman, 2001) , one possible bias-the recognition of emotional expressions-has received little attention (Melfsen & Florin, 2002; Winton et al., 1995) . The present experiments thus examined the role of social anxiety in the recognition of happy faces. Past research has found that people reliably recognize happy faces faster than various negative emotional faces (Feyereisen et al., 1986; Kirita & Endo, 1995; Leppanen & Hietanen, 2003 . The present experiments assessed whether people high and low in subclinical social anxiety differed in the recognition advantage for happy faces.
In both experiments, the happy-face recognition advantage stemmed from differences in happy faces instead of differences in negative faces. Relative to people low in social anxiety, people high in social anxiety did not take longer to recognize sad or angry faces. Instead, they took longer to recognize happy faces. This finding is consistent with the explanation offered by Leppànen and Hietanen (2003,2004) , who traced the effect to the accessibility of emotional information. Whereas nonanxious people typically view others as sources of reward and expect positive interactions (Baumeister & Leary, 1995; Fleeson, Malanos, & Achille, 2002) , socially anxious people view others as critical and threatening (Clark & Wells, 1995) . As a result, for socially anxious people, positive emotional information about other people should be harder to retrieve and apply to face representations during the recognition task.
Based on this explanation, one could predict circumstances in which socially anxious people would show a recognition advantage for angry, disgusted, or contemptuous faces. Activating the dysfunctional interpersonal beliefs that typify social anxiety should make that information easier to retrieve and apply to perceptual representations of emotional faces (see Adolphs, 2002) . Negative information about others could be activated, perhaps by a manipulation of social threat or a public-speaking challenge (e.g., Mansell et al., 1999) . Past work has found that disgusted faces are recognized faster than happy faces when disgust-relevant knowledge is activated , so it seems likely that socially anxious people could recognize negative faces faster than happy faces when their negative social beliefs are made more accessible. Examining this possibility would be a fruitful direction for future research.
The present experiments did not contrast social anxiety with depression or general anxiety. Although such comparisons are informative, the SIAS and SPS were designed to discriminate social anxiety from anxiety and depression (Mattick & Clarke, 1998) . In ongoing research with participants from the same student population, we have found modest relations between these two scales and measures of anxiety (Beck Anxiety Inventory; average r = .40) and depression (Beck Depression Inventory; average r = .34). Thus, there is little reason to think that depression and anxiety acted as confounds in the present research.
Understanding emotional processing provides some insight into clinical treatments for social anxiety. Treatment programs for people with high levels of social anxiety typically include components to address emotion recognition and expression as well as social skills (Turner, Beidel, Cooley, & Woody, 1994) . For example, a client may be taught to identify the specific emotion being expressed by a person in a picture. In this study, persons with social anxiety did not show deficits in identifying happy, sad, or angry faces; that is, they did not make more errors. However, they did process happy faces slower than did non-socially anxious persons, which may indicate a tendency to discount positive feedback or to expect interactions to be unrewarding. Thus, socially anxious people may benefit from being exposed step-wise to positive emotionality. For example, they may be taught how to accept compliments graciously and to reciprocate when someone initiates a positive interaction. Cognitive techniques should accompany these activities, given that the socially anxious person is likely to discount these interactions as well as their social efficacy.
EMOTION RECOGNITION AND OTHER COGNITIVE BIASES
The present findings raise the intriguing question of how biases in expression recognition relate to other biases relevant to emotional expressions. Research on cognitive aspects of clinical disorders is probably guilty of reifying the term "cognitive biases" (Stravynski, Bond, & Amado, 2004) . Diverse cognitive processes, ranging from high-level reasoning to low-level attentional processes, have been lumped together into the category of cognitive biases. This obscures important differences between each bias as well as possible patterns of relations between the various biases. Several researchers have recently contended that research should begin examining how information-processing biases relate to each other (Dalgleish et al., 2003; Gotlib et al., 2004) . Thus far, research has not been successful in finding coherence among different cognitive biases. Gotlib et al. (2004) found that three measures of bias-self-referential encoding of valenced words, a dot-probe task with emotional faces, and an emotional Stroop task-failed to correlate with each other in a clinical sample of socially anxious people. Studies of coherence in samples of anxious individuals show a similar lack of convergence (Dalgleish et al., 2003; Mogg et al., 2000) . Gotlib et al. (2004) suggested that measures of bias will correlate when they share underlying processing components. As noted earlier, the recognition of emotional expressions is involved in several emotionalprocessing biases, such as the direction of attention to emotional faces (Mogg et al., 2004) , memory for emotional faces (D'Argembeau et al., 2003) , and avoiding emotional faces (Mansell et al., 1999) . As a result, expression recognition appears to be a general processing component that is implicated in a class of cognitive biases. It thus shows promise as the type of shared mechanism that would lead to the convergence of measures of bias. If socially anxious people have biases in expression recognition, a process that undergirds other biases, then deficits in expression recognition might cascade into subsequent processing of the expression, such as the allocation of attention to and away from the face. Relating biases in face recognition to other cognitive biases is thus an important goal for future research.
